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The supershield project evaluated the importance of novel shield configurations for suppressing
neutron induced background in new classes of gamma-ray detectors such as CZT. The basic

concept was to use a 2 part shield. The outer shield material heavily moderates the incoming
neutron spectrum. This moderated neutron beam is then more easily absorbed by the inner
material, which is an efficient neutron absorber. This approach is, in principle, more efficient

than that in previous attempts to make neutron shields. These previous attempts involved
biatomic, monlithic shields (eg. LiH) in which the shield consisted of a single material but with

two types of atoms - one for moderating and one for absorbing. The problem with this type of
monolithic shield is that moderating neutrons, without the efficient absorption of them, leads to

the leakage into the detector of neutrons with a low energy component (~ 10-100 KeV). These

energy neutrons are particularly problematic for many types of detectors.

The project was roughly divided into phases. In the first phase we attempted to carefully define
the neutron source function incident on any space instrument. This is essential since the design of

any shield depends on the shape of the incident neutron spectrum. We found that approximations

commonly used in gamma-ray astronomy for photon background is inadequate. In particular
there is a substantial error introduced by assuming that the mass of an instrument can be treated

as an "equaivalent mass" of air, and then using the neutron production from that amount of air

under comparable cosmic-ray exposure. This approximation is a routine one for gamma-ray
background. The difficulty with this approximation is that neutron propagation and moderation is

very sensitive to the atomic number of the material. In addition, we found that secondary
neutrons produced in any passive shield, and dominated by inelastic neutron scattering, are far

more important than background due to neutron activation. In order to properly account for this

secondary neutron production we developed a procedure that scales the neutrons produced by

primary and secondary cascades, and by neutron evaporation, according to the atomic weight of
the material. We also had to derive the spectral shapes of the various neutron background

components. For evaporative neutrons we developed a statistical gas model of the nucleus. This
model explicitly accounts for the decrease in temperature of an excited nucleus as it emits protons
and neutrons. Therefore it is much improved over the standard "evaporative" model

characterized by a singe temperature, but is a superposition of many different temperature

spectra. Other components such as cascade neutrons at higher energies (>20 MeV) were also
carefully treated. The evaporative treatment was most important though, because as pointed out

by us and others, these are the neutrons which are most damaging when partially moderated down

in energy and subsequently interacting with a detector. The details of this work were presented in
Harrison et. al. 2000.

The second phase of our work involved design of supershield geometries (one and three
dimensional) in order to compare different shield configurations and materials for their
effectiveness as neutron shields. Moreover we wanted to compare these supershields with

previous neutron shields to confirm the performance differences between the supershield (two
material) and monolithic (one material) designs and to understand the physics origins of these

differences more clearly. In our early work we concentrated on NaI detectors because previous
work on neutron shields had been done for the NaI. We were able to show using a three-

dimensional radiation transport code that there was a substantial improvement afforded by the

supershield geometries over the standard neutron shield geometries. We were able to explicitly

confirm that the poor performance previously reported for neutron shields was indeed due to

partial moderation in the shield. The neutron shields were moderating evaporative neutrons
(energies - few MeV) down to energies of - 100 KeV, where the neutrons could lead to
substantial resonant excitation of the NaI with resultant production of background gamma-rays

through inelastic scattering. In this work we also tried a variety of different supershield materials
which could be employed in space-based systems to determine the relative merits of various



designs(Honget.al. 1997,1998).A notablefeatureof thisworkwasthesubstantial
improvementwhichcouldbeofferedbytheuseof 3Heastheneutronabsorberinsupershield
systems.Anotherimportantfeaturewastherecognitionthatbimolecularmaterialsweresuperior
to unimolecularmaterialsasthemoderatingelement.Thereasonisquitesimple.Materialssuch
asLiH orhydratedboratematerialsarenotonlyefficientmoderatorsbutcanabsorbneutrons
whichhavebeenpartiallymodified"upstream"in themoderatorsectionof thesupershield.

Thethirdphaseof thesupershieldprograminvolvedthebenchmarkingof thesupershielddesigns
throughdirectexperimentalverification.Thisrequiredfabricatingvarioussupershieldsand
exposingthemtobeamsof neutrontodirectlycharacterizetheirperformance.Theexperiments
concentratedon10Boronbasedabsorbermaterialsandvarioushydratedorganics(suchas
paraffin)for themoderatorsection.A uniqueneutronfacilityoperatedbymedicalphysicsgroups
atColumbiaUniversitywasused.Thefacilityiscapableofgeneratinghighlymonochromatized
beamsof neutronsgeneratedinproton-tritiumtargetinteractions.Theangleatwhichneutrons
areemittedin this interactionisastrongfunctionofneutronenergy.Consequently
monochromaticbeamscouldbegeneratedin therangefrom100sof KeVto manyMeV- the
rangeofneutronenergiesmostastrophysicallyimportant.Theseexperimentsdemonstrated
excellentagreementwiththeoreticalpredictionsof supershieldperformance.Thisagreementis
notjust for overallnumbersof neutronspenetratingtheshield.Theactual"leakthrough'
spectrumof neutronswaspredicatedwithhighaccuracy.Theseexperimentsexplicitly
demonstratetheutilityof supershieldsassuppressionsofneutronsof afactorof 2ormorecould
beobtainedwithbasicsupershields.

Withexplicitverificationthatourmodelingprocedurescanbeusedwithconfidence,wearenow
in apositiontodesignshieldsfor realisticspacegeometries.Thecodesuitethatwill beutilized,
andthatwasassembledaspartof thisresearch,involvestheuseofaparticleproductioncode
(GEANT)whichiscoupledtotheradiation-transportcodeCOG.Thisprovidesfull 3-
dimensionalsimulationcapability.Forlesscomputationallyinternsiveworkwehaveascertained
thatourownexplicitconstructionof sourcefunctionsfor materials,asobtainedbyour
modificationof theequivalentairmassmethod,isasaccurateastheparticleproductioncodes,
especiallygiventheiruncertaintiesatthelowerneutronenergies(<- 10MeV)whichareof most
importancetotheastrophysicalbackgroundproblem.

Usingthesupershieldmodelingcapabilitydevelopedaspartofthisprogramweareattemptingto
evaluatetheirutility for aspecificproposedmission- theEnergeticX-rayImagingSurvey
Telescope(EXIST).It isanticipatedthatthisexperiment,whichis limitedby internal
backgroundathighenergies,mightbenefitfromaneutronshield.Asaconclusionof thiswork,it
isnowunderstoodthatneutronsaremostproblematicatthelowestpartof thegamma-rayenergy
band(<- 20KeV)andattheveryhighestenergies(>- 400KeV). EXISThasanenergyband
from-5-600KeV,soit will serveasapromisingtestbedtoevaulatetheutilityof neutronshields.

Thereareseveralotherspinoffsof thesupershieldworkthatwethinkareof generalinterest.The
first is in theareaof designof optimalneutronshieldsformedicalapplications.Manymedical
facilitiesutilizeprotonbeamsasprimaryorsecondarybeamin thetreatmentof patientsand
shieldingfromneutronsisanimportantissue.Wewill pursuethisavenueof inquiryasaspinoff
of thesupershieldresearchsincetherearepotential,asyetunevaluated,commercialimplications.
Theotherareais indirectdetectionof darkmatter.Theprimarysourceof backgroundin
undergroundexperimentsto detectdarkmatterisneutronsproducedin (alpha,n)reactionsfrom
decayof radioactiveelementsin rocksandtertiaryneutronsproducedinmuoncollisions(the
drivingreasontomovedarkmatterdetectorsdeepunderground).It hasbeenrecognizedfora
numberof yearsthatneutronshieldscouldhaveasignificantimpactonthisissue.Thesuiteof



modelingtoolswehavedevelopedwill allowusto specificallyaddresstheoptimizationof
supershieldsfor thedarkmatterproblem.

Thefollowingpublishedpapersdescribein moredetailthesupershieldeffort. Reference0
providesbackgroundinformationontheconceptandwaswrittenpriortothecommencementof
thework. All theotherpaperswereadirectresultof thefundingobtainedin thesupershield
researcheffort.
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